gical occlusion of coronary vessels in the rat. Studies from this laboratory6 have demonstrated that the alterations in regional myocardial perfusion which result from acute cellular injury are directly proportional to the extent of eventual histologic myocardial necrosis.
SUMMARY The study was designed to examine effects of acute cellular injury on regional myocardial blood flow (RMBF) and coronary vascular reactivity. Before myocardial infarction in 14 dogs, RMBF was measured using 7-lO,u microspheres during the hyperemic response following a 60 sec transient ischemic stimulation (TIS). Myocardial infarction was induced by complete occlusion for two hours and then inflow to the injured area was re-established. RMBF was measured four hours later during basal conditions, following a 60 sec TIS and during infusion of adenosine, 1 .0 mg/kg/min. Effects of acute cellular injury were examined by measuring RMBF in multiple myocardial samples, grouped according to ISCHEMIA OF THE MYOCARDIUM sufficient to initiate acute myocardial injury effects local responses in the zone of ischemia which directly alter tissue perfusion. [1] [2] [3] [4] [5] Studies from this laboratory6 have demonstrated that the alterations in regional myocardial perfusion which result from acute cellular injury are directly proportional to the extent of eventual histologic myocardial necrosis.
The objectives of the present study were to determine 1) whether factors which effect reduction in blood flow to an acutely injured area also prevent increases in blood flow in response to the metabolic stimuli resulting from transient ischemia, and 2) whether ischemia sufficient to effect irreversible myocardial injury also directly alters the vasomotor properties of the intramural vasculature. Regional myocardial blood flow was measured after re-establishing inflow to an area subjected to two hours of ischemia. Re-extent of histologic necrosis.
Four hours after reperfusion, RMBF was decreased when infarction exceeded 50%. The decrements in flow were directly proportional to the extent of infarction. The vasculature was capable of delivering additional flow to the injured area since both TIS and adenosine infusion effected increases in RMBF in excess of 100% in each region of the ischemic zone. Blood flow responses to these stimuli, however, fell in proportion to the extent of infarction. RMBF responses to TIS and adenosine infusion were comparable, indicating ischemia which effects irreversible myocardial injury also directly alters vasomotor properties of the intramural vasculature.
gional myocardial blood flow was measured during basal conditions, immediately following the metabolic stimulation resulting from transient ischemia, and during direct vascular stimulation effected by intravenous adenosine. Effects of acute cellular injury on myocardial perfusion during these interventions were assessed by determining regional blood flow in multiple myocardial samples grouped according to subsequent histologic myocardial infarction. The study was performed in awake, chronically prepared animals to avoid variables introduced by general anesthesia and acute surgery. Methods Complete studies were performed in 14 mongrel dogs weighing 25-34 kg. The dogs were anesthetized with thiamylal sodium (30-40 mg/kg, i.v.) and underwent a left thoracotomy. The proximal 1 cm of the left circumflex coronary artery was dissected free and a pneumatic cuff occluder was placed around the vessel. Heparin-filled catheters were inserted into the left atrial cavity and the aortic root. The catheters and snares were tunneled to a subcutaneous pouch at the base of the neck.
Studies were performed 7-10 days after the surgical procedure with the dogs lying quietly on a laboratory table as previously described. 6 7 The mean hematocrit at the time of study was 42%, range 38-52%. To assure proper function of the coronary occluder, electrocardiographic and hemodynamic responses to a 45-60 sec occlusion were observed. Proper function of the pneumatic occluder was verified by absence of abnormal Q waves before occlusion, elevation of ST segment, and an increase in heart rate and left atrial pressure within 30 sec after occlusion, and returned to preocclusion values of each parameter within approximately 15 sec after release of the occlusion. If the above responses were not observed, the animals were not included in the study. Coronary occlusion was then performed over a 15 min interval by gradually increasing the pressure in the occluder tubing. Coronary occlusion was maintained for 2 hours. Blood flow was then re-established to the ischemic area by completely deflating the occluder. Lidocaine, 2 mg/kg, was administered intravenously before the occlusion and at 15 min intervals for 1 hour after occlusion to reduce early arrhythmias. Morphine sulfate, 10 mg, was injected intravenously as the snare was inflated to minimize any discomfort resulting from the coronary occlusion. Antiarrhythmic or analgesic agents were not administered after the first hour of the study. Using the procedure, three dogs developed ventricular fibrillation after the occlusion and were excluded from the study.
Measurements of myocardial blood flow were made by serial injections of carbonized microspheres, 7-10 jim in diameter, labeled with gamma-emitting nuclides 51Cr, '4"Ce, "Sr, and 46Sc as previously described.6' 7 The initial myocardial blood flow measurement was made to assess the In previous studies in this laboratory this dose of adenosine produced maximum increases in phasic coronary flow and 4-5 fold increases in transmural myocardial blood flow. 7 Six days after the initial study the animals were anesthetized with thiamylal sodium and the hearts fibrillated with concentrated potassium chloride. The mean left ventricular weight was 104 + 5 g (SEM). As illustrated in figure 1 and described in previous studies,6 7 the left ventricle was sectioned into four transverse sections, circumferential regions and finally into four transmural layers of approximately equal thickness, samples size 1-2 g. Ten percent buffered formalin was added to the vials to preserve the tissue for histological sections after measurement of the tissue radioactivity. The radioactivity in each myocardial sample and reference blood sample was determined in a gamma spectrometer (Model 167776, Beckman Instruments Inc.), using window settings selected to correspond to the peak energies of each radioactive nuclide. Blood flow to each myocardial sample in milliliters per minute per gram was calculated as previously described.i 7
After measurement of tissue radioactivity and calculation of blood flow to each myocardial sample, the samples were prepared for histological sectioning and the percentage of infarcted myocardium in each small myocardial sample was determined as previously described. 5 Thus, blood flow and the extent of myocardial infarction were determined in multiple small tissue samples of the entire region subjected to ischemia. Since the effects of acute cellular injury on myocardial perfusion are a function of the extent of eventual necrosis6 and the extent of necrosis varies between animals, myocardial perfusion was analyzed in multiple myocardial samples grouped according to comparable degrees of histologic myocardial necrosis, i.e., 0-5, 6-25, 26-50, 51-75, 76-89, 90-100, and 100%.
The Student's t-test for paired data was used to compare blood flow measurements in the same myocardial samples.
Student's t-test for nonpaired data was used to compare flow in regions subjected to prolonged ischemia to flow in regions not subjected to ischemia.
Results
The results of hemodynamic measurements during control resting conditions and at each measurement of regional myocardial blood flow are tabulated in table 1. Average resting hemodynamics were as follows: heart rate 82 beats per minute; mean arterial pressure 100 mm Hg; and mean left atrial pressure 5 mm Hg. The initial blood flow measurement was carried out immediately following transient ischemic stimulation produced by a 60 sec occlusion of the circumflex coronary artery. During the occlusion the heart rate and mean arterial and left atrial pressures increased. Ten to fifteen seconds following deflation of the cuff, during the maximum reactive hyperemic response, heart rate, arterial and left atrial pressures were 91 beats/min, 103 and 7 mm Hg. The predominant rhythm during the 2 hour circumflex artery occlusion was sinus tachycardia with occasional premature ventricular contractions. Approximately 20 seconds after release of the two hour occlusion, the which the extent of infarcted myocardium was 100%. Four hours after reperfusion transient ischemic stimulation produced by a 60 second occlusion effected an increase in blood flow in all regions in the ischemic zone ( fig. 3) . Thus, even in regions which eventually developed complete infarction, the vasculature was capable of augmenting blood flow in response to the metabolic stimulus effected by transient ischemia. The response to transient ischemic stimulation, however, was significantly different from that recorded prior to the two hour occlusion (fig. 4) Recent reports have indicated that following permanent coronary artery occlusion there is significant loss of microspheres from the infarcting myocardium. '7' 18 Approximately 25% of the microspheres injected prior to infarction were lost from the infarcted region at 24 hours. No further loss occurred at 417 or 8 days.18 In the present study the three blood flow measurements made after infarction were performed during a period of 20-30 min. Since the microspheres in a given tissue region should be lost randomly, the relationships between blood flow measured at the same interval after infarction should not change but each of the actual blood flow values may have been 20-30% higher than the values measured. Loss of microspheres after infarction would also be expected to reduce the blood flow measurements made during the reactive hyperemic response before infarction. Blood flow during the hyperemic response before infarction was increased five fold in samples from each infarct range indicating that microsphere loss in this model of infarction was not a function of the amount of infarction in the tissue samples and/or microsphere loss was minimal.
In the present study acute cellular injury which resulted in subsequent histologic myocardial necrosis reduced basal blood flow and reduced but did not entirely eliminate the vasodilator response to transient ischemic and direct vascular stimulation. Even in areas which eventually developed 100% histologic infarction, significant levels of basal blood flow were present and the vasculature was capable of delivering additional blood flow in response to direct vascular stimulation or the metabolic stimulus elicited by transient ischemia. This study was not designed to examine the specific factors, i.e., cell swelling, release of vasoactive compounds, or interstitial hemorrhage, which may have effected the alterations in perfusion. However, since prolonged ischemia altered the vasodilation response to direct and indirect vascular stimulation in a comparable fashion, the data indicate that ischemia sufficient to effect irreversible myocardial injury also directly alters the vascular reactivity of the intramural vasculature in the regions of irreversible myocardial injury. indomethacin (100 mg per day) or placebo for 7 days by a randomized, double-blind protocol. Indomethacin resulted in a shorter duration of fever (2.4 vs 3.5 days, P < 0.01) and in a shorter duration of chest pain, malaise, and myalgias compared to placebo. Sixtyseven percent of the patients in Part I and all of the patients in Part II were contacted 2-8 months following hospital discharge. Five percent had experienced an illness that we considered to be acute pericarditis, but its occurrence was unrelated to whether the patient had had in-hospital unexplained postoperative fever, in-hospital rub or chest pain, or in-hospital administration of indomethacin.
pericardial pain, by a pericardial rub, or by malaise. Standards of practice have varied widely, however, because of uncertainty about the significance and course of unexplained postoperative fever and because the risk-benefit ratio of indomethacin administration under these circumstances has not been established. The present study consists of two parts. In thefirst, we examine 1) the incidence and natural history of the unexplained fever that frequently occurs during the in-hospital postoperative period following a cardiac operation and the relationship of fever during this period to the clinical signs that have been used to diagnose the postpericardiotomy syndrome; 2) whether either unexplained fever or the clinical signs that have been used to diagnose the postpericardiotomy syndrome, when they occur during the inhospital postoperative period, are related to the later development of pericarditis following hospital discharge. The second part of the investigation is a prospective, randomized study of the effectiveness of indomethacin compared to placebo in the therapy of unexplained in-hospital postoperative fever and its associated symptoms.
